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AN INDEX OP GEOPHYSICAL WELL LOGGING IN VIRGINIA 

BY THE U.S. GEOLOGICAL SURVEY

By 

M. Patrick Mulheren, J. D. Larson, and H. T. Hopkins

ABSTRACT

Geophysical logs have been obtained in more than 170 

wells in Virginia by the U.S. Geological Survey since 1968. 

These logs include natural gamma, electric, caliper, tem 

perature, fluid conductivity, and fluid velocity. Most of 

the logs are for wells in the Coastal Plain Province of 

eastern Virginia. Geophysical logs aid in the interpreta 

tion of properties of earth materials, including the capac 

ity to store and transmit water in the immediate vicinity 

of the well bore.
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INTRODUCTION

The U.S. Geological Survey uses geophysical logging as 

an aid to understanding the properties of earth materials, 

specifically how these materials store and transmit water. 

Geophysical data are obtained by lowering sensing devices 

into a well bore and measuring a physical characteristic of 

the well bore, the material encountered, or the fluids con 

tained in the rocks (fig. 1). The Virginia District has 

maintained geophysical logging equipment since 1968. More 

than 170 wells have been logged by this unit throughout the 

state, with major emphasis on the Coastal Plain Province.

PURPOSE AND SCOPE

The purpose of this report is to list and report the 

availability of geophysical well logs by the Geological 

Survey in Virginia. The logs documented in this report are 

on file at the District Office of the WRD in Richmond, 

Virginia. The logs are not interpreted.

WELL-NUMBERING SYSTEM

The well-numbering system used by the U.S. Geological 

Survey in Virginia is based on the "Index to Topographic 

Maps of Virginia" (U.S. Geological Survey, 1975). 

Quadrangles (map sheets covering 7 1/£-minutes of latitude and 

longitude, published at a scale of 1:24,000 or 1 inch = 2000

-2-
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Figure 1. -- Schematic block diagram of geophysical well-logging equipment 
Cfrom Keys and MacCary, 1971).



feet) are identified by numbers and letters starting in the 

southwest corner of the State. The quadrangles are numbered 

1 through 69 from west to east beginning at longitude 

83°^5', and lettered A through Z (omitting letters I and 0) 

from south to north, beginning at latitude 36°30 T . These 

numbers and letters are shown in the bottom and left margins 

of figure 2, which shows a small portion of the state. 

Wells are numbered serially within each 7V£-niinute 

quadrangle. For example, well 53A 2 is in quadrangle 53A 

and is the second well in that quadrangle for which the 

location and other data were recorded.

COOPERATION AND ACKNOWLEDGEMENTS

This compilation of logs was made by the U.S. Geological 

Survey in cooperation with the Virginia State Water Control 

Board, R. V. Davis, Executive Secretary.

GEOPHYSICAL LOGS

The Virginia District has a vehicle-mounted geophysical 

logging unit with natural gamma, electric (single point), 

caliper, temperature and fluid conductivity probes. In 

addition to these probes, the unit has a downhole velocity 

meter and a thief sampler. The downhole velocity meter 

meat3ures water velocities in the bore hole during pumping or 

injection to determine which zones are yielding or accepting
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Observation well and well number

Figure 2. -- Map showing example of Virginia well-numbering system.



water. The thief sampler is used to collect water samples 

at discrete zones.

Descriptions of the individual logs are given below, as 

is their use in geologic and water-resources investigations. 

The principles and applications of each type of log are 

discussed in detail in "Application of borehole geophysics 

to water-resources investigations" (Keys and MaeCary, 1971)- 

The letter following the name of the log is used in the 

table to identify the log type.

1) Natural-Gamma Log (J). "Natural-gamma logs are records 

of the amount of natural-gamma radiation that is emitted 

by all rocks. The chief use of natural-gamma logs is 

for the identification of lithology and stratigraphic 

correlation in open or cased, liquid- or air-filled 

holes" (Keys and MacCary, 1971, p. 64).

2) Electric Log (E). The electric log combines the

spontaneous-potential log and the resistivity log.

a) Spontaneous-Potential Log. "Spontaneous- 

potential logs are records of the natural poten 

tials developed between the borehole fluid and 

the surrounding rock materials. The spontaneous- 

potential Is used chiefly for geologic correla 

tion, determination of bed thickness, and 

separating non-porous from porous rocks in
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shale-sandstone and shale-carbonate sequences" 

(Keys and MacCary, 1971, p. 23).

b) Resistivity Log. "Resistivity-logging devices 

measure the electrical resistivity of a known or 

assumed volume of earth materials under the 

direct application of an electric current. 

Depending on the device employed, resistivity 

logs can be used for geologic correlation, 

although this is not the most important applica 

tion. Resistivity devices are generally used to 

determine the formation resistivity, formation 

porosity, mud porosity, hydrocarbon and water 

saturation, fluid resistivity, and formation 

factor" (Keys and MacCary, 1971, p. 37).

3) Caliper Log (C). "The caliper log is a record of the 

average diameter of a drill hole. Its major use is to 

evaluate the environment in which other logs are made in 

order to correct them for hole-diameter effects and to 

provide, information on lithology" (Keys and MacCary, 

. 1971, p.37).

4) Temperature Log (T). "Temperature logs are continuous 

records of the temperature of the environment imme 

diately surrounding a sensor in a borehole. They can 

provide information of the source and movement of water

-7-



and the thermal conductivity of rocks" (Keys and 

MacCary, 1971, p. 99).

5) Fluid-Conductivity Log (F). "Fluid-conductivity logs 

provide a measurement of the conductivity of the inhole 

liquid between electrodes in the probe. After 

appropriate corrections, the logs provide data on the 

chemical quality of fluid in a bore-hole" (Keys and 

MacCary, 1971, p. 106).

Two non-geophysical logs listed in this report are used 

in conjunction with geophysical logs and are based on cut 

tings and (or) samples collected during drilling. They are:

(1) Driller's Log (D). This is the driller's description of 

materials observed during drilling.

(2) Geologist's Log (G). This log, made by a trained geolo 

gist or hydrologist, identifies and describes the 

geologic formation observed during drilling.

Figure 3 shows data from a well drilled at the U.S. 

Geological Survey's National Headquarters in Fairfax County, 

Virginia, in which geophysical logs were utilized with rock 

samples collected to describe the formations (Larson, 1978). 

A good correlation exists between the lithologic, electric, 

and caliper logs. The caliper and resistivity logs show 

sharp peaks to the right in sandy zones, which appear as

-8-
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large-diameter, washed out zones on the caliper log. The 

contact between saprolite and unweathered schist is very 

pronounced on these logs. The peak on the caliper logs 

shows a wash-out zone at 150 feet; this peak is a thin sand 

layer commonly found at the base of saprolite. The gamma 

log shows distinctive drops across sandstone layers and 

peaks across siltstones.

STATUS OP GEOPHYSICAL LOGGING IN VIRGINIA

Figure 4 is a map of Virginia showing the location of 

holes logged. The Geological Survey office in Richmond, 

Virginia has more detailed locations of the sites.

Table 1 is a listing of the geophysical logs obtained by 

the Virginia District, U.S. Geological Survey. The data are 

listed by county, the U.S. Geological Survey local well 

number, latitude, longitude, depth of finished well, log 

type, and depths to top and bottom of logged interval. An 

explanation of log type follows:

J Natural-gamma log

E Electric log

C Caliper log

T Temperature log

F Fluid conductivity log

D Driller's log

G Geologist's log

-10-
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